An 
INTRODUCTION
Antenna diagnostics methods are becoming a key issue as non-invasive techniques: these techniques provide the extremely near field (NF) on the antenna surface, which can be used to detect antenna anomalies, avoiding the use of invasive diagnostics methods.
Diagnostics techniques are most based on farfield/near-field to near-field (FF/NF-NF) transformation, in order to determine the extremely NF on a surface close to the antenna-under-test (AUT). For example [1] , [2] present some applications for detecting faults in reflector antennas, based on the backward transformation of the fields using the Fourier Transform. [3] extends modal wave expansion-based formulation from planar acquisition domains to spherical ones. However, wave modebased FF/NF-NF methods are restricted to canonical acquisition and diagnostics geometries (planar, cylindrical, and spherical). This limitation has been overcome by the introduction of the Sources Reconstruction Methods (SRM), an integral equation technique that characterizes the Antenna Under Test (AUT) through a set of equivalent electric and/or magnetic currents distribution.
The first SRM applications for NF/FF transformation and antenna diagnostics were restricted to planar domains [4] , [5] . Later, they were extended to arbitrary geometries as described in [6] , where the equivalent currents are reconstructed on an equivalent surface close to the AUT.
The related antenna diagnostics techniques [1] - [6] are conceived to work with complex values of the field radiated by the AUT (i.e. field amplitude and phase). However, due to technical measurement system restrictions, phase acquisition is not always possible. Moreover, the growing interest in submillimeter and terahertz bands makes the phaseless antenna diagnostics methods to have potential interest for applications in these bands due to existing limitations for phase measurements [7] .
The problem of antenna diagnostics using amplitude-only information has been studied under different approaches. One of the most significant contributions in this topic has been described in [8] , [9] , where a plane-to-plane iterative backpropagation method for phase retrieval is proposed both for NF-FF and antenna diagnostics applications. These techniques require an initial guess of the field phase (sometimes, this initial guess is done in the plane wave spectrum), which can be determined from the AUT characteristics or from theoretical models.
Another approach based on the SRM has been described in [10] , where an equivalent magnetic currents distribution is calculated from the minimization of a functional that relates the amplitude of the measured field and the contribution due to the reconstructed equivalent currents. Combination of this phaseless technique together with the SRM for arbitrary-shape geometry domains [6] provides an amplitude-only SRM for antenna diagnostics, which is the scope of this contribution.
SOURCES RECONSTRUCTION METHOD OVERVIEW
The Sources Reconstruction Method (SRM) is based on the calculation of an equivalent electric and magnetic currents distribution (J eq (r'), M eq (r')) on a surface S' that encloses the Antenna-Under-Test (AUT). The calculated equivalent currents distribution radiates the same field outside that surface as the AUT (electromagnetic Equivalence Principle, [11] ). Thus, the knowledge of the equivalent currents makes possible the determination of the fields in any point outside the equivalent currents domain (S').
The equivalent currents are calculated from the field acquired on the field observation domain, by solving the Integral Equations (1) and (2) [11] , which relate the fields radiated by electric and magnetic currents distribution:
Where k 0 is the wavenumber, η is the intrinsic impedance of the medium. Positioning vectors, r and r', are defined as (3): 
Regarding numerical solution of Eq. (1) and (2), they can be rewritten in a matrix form relating the field components (E t1 , E t2 ) tangential to the observation domain's surface/s with the equivalent currents components (J t1 , J t2 ; M t1 , M t2 , which are tangential to the source domain S') (4):
( ) 
Thus, the equivalent currents that characterize the AUT are obtained by solving the mentioned system of equations (4). Different numerical techniques are implemented: for example, [6] propose the Conjugate Gradient [12] for solving the matrix system, by minimizing the following cost function F (5): 
SOURCES RECONSTRUCTION USING PHASELESS INFORMATION
The knowledge of the field amplitude and phase information makes possible the utilization of just one observation surface for recovering the equivalent currents. However, when phase information is not available, it must be retrieved from the amplitude data collected at two or more observation domains. For the amplitude-only case, the cost function (5) has to be reformulated (6) , so the quantity to be minimized is the difference between the amplitude of the electric field radiated by the equivalent currents and the measured one. 
While the cost function (5) is related to a linear system of equations, (6) corresponds to a non-linear cost function [13] . Here, iterative non-linear minimization methods have been introduced for solving Eq. (6): inexact Newton-Raphson [14] and Levenberg-Marquardt [14] .
In order to improve the phaseless SRM, a twostage iterative technique is proposed, whose block diagram is plotted in Fig. 1 . In this work, a particularization for spherical acquisition domains and planar equivalent currents domain is presented.
The proposed SRM makes use of the integral equations decoupling, so that the equivalent currents component M x is related to the field component E y , and M y to E x . First, the E x , E y components are calculated from the spherical field components E θ , E ϕ , under an initial assumption of field phase equal to 0º, and E r = 0 as initial guess.
The first stage (denoted as SRM :: Amplitude in Fig. 1 ) a cost function relating the difference between measured and estimated field amplitude (Eq. (6)) is minimized. Ẽ x , Ẽ y are calculated from E θ , E ϕ . The phase of the spherical field components together with Ẽ r is calculated from the reconstructed M x , M y , as in [15] . Due to the fact that the cost function (6) is nonlinear with respect to the optimization variables (M x , M y ), non-linear minimization methods (NewtonRaphson, Levenberg-Marquardt) are used.
The second stage (denoted as SRM :: Amplitude & Phase in Fig. 1 ) uses the calculated M x , M y currents from the first stage as initial solution. Here, a quadratic functional relating the measured amplitude of the tangential field components (E θ , E ϕ ) and the estimated field phase is minimized, considering amplitude and phase information (Eq. (5)). Field amplitude is given by the measurements, and phase estimation comes from the field radiated by the calculated M x , M y . Cost function (5) is linear with respect to the optimization variables (equivalent currents), allowing the application of the Conjugate Gradient method [12] .
Regarding iterative methods convergence, amplitude and phase knowledge requires less iterations to converge (typically L < 20, where L is the number of iterations for the second stage) than the amplitude-only case (K = 40-80 iterations, being K the number of iterations for the first stage). 
Input data Fig. 1 . Block diagrama of the iterative scheme for recovering the cartesian components of the equivalent magnetic currents from phaseless data acquired on spherical domain. Spherical field components are transformed to cartesian field components.
RESULTS
This section presents an application example based on the electric field radiated by a theoretical magnetic current distribution. The distribution is the same that Example No. 1 of [15] , where planar field acquisition domains are considered. Here, a hemispherical field acquisition domain will be used. Theoretical magnetic current (M x ) follows a chessboard distribution, being the maximum values of 0 dB and minimum of -20 dB. Magnetic current domain is 2λ x 2λ.
Electric field due to this current distribution has been calculated in two hemi-spherical domains, being the acquisition distance R 1 = 3λ and R 2 = 5λ. Angular sampling is 5º in θ and 5º in ϕ. Concerning reconstruction domain, it has been chosen to be the same than the theoretical magnetic current distribution (a 2λ x 2λ domain). The resulting system of equations relating the spherical field tangential components and the equivalent magnetic current distribution is, for this problem (7):
